Understanding and predicting other people's mental states and behavior are important prerequisites for social interactions. The capacity to attribute mental states such as desires, thoughts or intentions to oneself or others is referred to as mentalizing. The right posterior temporal cortex at the temporal-parietal junction has been associated with mentalizing but also with taking someone else's spatial perspective onto the worldpossibly an important prerequisite for mentalizing. Here, we directly compared the neural correlates of mentalizing and perspective taking using the same stimulus material. We found significantly increased neural activity in the right posterior segment of the superior temporal sulcus only during mentalizing but not perspective taking. Our data further clarify the role of the posterior temporal cortex in social cognition by showing that it is involved in processing information from socially salient visual cues in situations that require the inference about other people's mental states.
Understanding what other people around us perceive, feel or think is important for predicting their behavior and vital to our social interactions as well as functioning in society. To this end, we take other people's perspective to judge what they perceive from their position in space in contrast to our own position (Piaget and Inhelder, 1967; Flavell et al., 1981; Newcombe, 1989; Vogeley and Fink, 2003; David et al., 2006) or try to make inferences about other people's mental states and find out what they think, believe or desire. This latter process has also been referred to as 'mentalizing' (Frith and Frith, 2006) , 'mindreading' or 'theory of mind' (Premack and Woodruff, 1978; Baron-Cohen, 1997) . In contrast to mentalizing, perspective taking does not require an ascription of mental states to another person but rather an assessment of another person's visuospatial experiences. Nevertheless, perspective taking may be associated with mentalizing: 'This ability to see the world from another's perspective enables us to realize that other people can have different knowledge from us and may have false beliefs about the world' (Frith and Frith, 2006, p. 532) .
It is a matter of conjecture to which degree mentalizing and perspective taking are functionally independent processes. Evidence derived from developmental studies in children and experiments in monkeys suggests a dissociation (Flavell et al., 1978; Newcombe, 1989; Povinelli and Eddy, 1996; Meltzoff, 1999; Hare et al., 2000 Hare et al., , 2001 Saxe et al., 2004a) , whereas evidence from certain psychiatric conditions such as schizophrenia and autistic spectrum disorder showed common deficits (Yirmiya et al., 1994; Langdon and Coltheart, 2001) . Surprisingly few experiments aimed to empirically compare mentalizing and perspective taking (Reed and Peterson, 1990; Langdon and Coltheart, 2001) . Neuroimaging may help to elucidate the functional basis and relationship between mentalizing and perspective taking. Mentalizing has already been extensively investigated by functional magnetic resonance imaging (fMRI) experiments (Castelli et al., 2000; Gallagher et al., 2000 Gallagher et al., , 2002 Vogeley et al., 2001; Gallagher and Frith, 2003; Saxe and Kanwisher, 2003; Decety, 2003, 2004; Rilling et al., 2004; Saxe and Wexler, 2005; Völlm et al., 2006; Schulte-Rüther et al., 2007) as opposed to perspective taking (Zacks et al., 2003; Vogeley et al., 2004; Blanke et al., 2005; Aichhorn et al., 2006; Arzy et al., 2006; David et al., 2006; Jackson et al., 2006) .
The fMRI studies on mentalizing converge on the recruitment of the medial prefrontal cortex (MPFC) as well as temporal cortex, specifically the superior temporal sulcus (STS), temporal-parietal junction (TPJ) and the temporal poles Frith, 1999, 2006; Gallagher and Frith, 2003) . These regions have, thus, been referred to as the neural 'mentalizing network' or 'human social cognition network' (Saxe, 2006) . Perspective taking studies (involving viewer rotations or egocentric perspective transformations; Vogeley and Fink, 2003) often reported activations of superior parietal and inferior parietal cortices, inferior frontal cortex and the cerebellum (Zacks et al., 1999; Vogeley et al., 2004; David et al., 2006; Jackson et al., 2006) . Interestingly, the posterior STS at the TPJ was recruited both during mentalizing (Brunet et al., 2003; Gallagher et al., 2000; Ruby and Decety, 2003; Völlm et al., 2006; Schulte-Rüther et al., 2007) and perspective taking (Zacks et al., 1999 (Zacks et al., , 2003 Vogeley et al., 2004; Blanke et al., 2005; Aichhorn et al., 2006; Arzy et al., 2006; David et al., 2006; Jackson et al., 2006) . Aichhorn and colleagues (2006) recently addressed the question whether perspective taking activates regions within the posterior STS region (or 'STS/TPJ' as referred to by Aichhorn et al., 2006) that have previously been associated with mentalizing (the authors used the term 'theory of mind'). They found the 'STS/TPJ' to be recruited during perspective taking, however, only after a restricted search volume or region-of-interest (ROI) approach. Although Aichhorn and colleagues (2006) attempted to compare activation in the posterior temporal cortex during mentalizing vs perspective taking, they did not make a direct empirical comparison in the same set of subjects with comparable stimulus material. In fact, to date, no direct comparison between the neural correlates underlying the two kinds of perspective taking has been presented. Thus, the questions whether the posterior temporal cortex contributes to both mentalizing and perspective taking and on the exact nature of this contributionby the processing of social, mental state conveying signals or by representation of different visual perspectives (Frith and Frith, 2006) remain.
Thus, we sought to directly compare activation between mentalizing and perspective taking using fMRI and to specifically test whether and to which degree both processes recruit the same neural substrates, especially with respect to the posterior temporal cortex. Operationally, we defined mentalizing as the process of ascribing a preference for one of two objects to a virtual character. Mental states can be expressed in many different ways: here, we focused on non-verbal, socially salient signals expressed by the virtual character's face or body. Facial and other bodily cues represent relevant sources of information about somebody's inner states (Frith and Frith, 2006) and are often used in operationalizations of mentalizing (Baron-Cohen et al., 2001; Gallagher and Frith, 2004; Schulte-Rüther et al., 2007) . Perspective taking was operationalized using the established own-body mental transformation task (Parsons, 1987; Zacks et al., 1999; Blanke et al., 2005; Arzy et al., 2006) . Our results suggest that mentalizing and perspective taking can be dissociated within the posterior segment of the right STS with a stronger involvement of the STS in mentalizing for another person.
MATERIALS AND METHODS Subjects
Seventeen subjects without psychiatric or neurological history participated in this study after having given informed written consent. Four subjects were later excluded due to poor behavioral performance. All analyzed subjects (N ¼ 13; age 25 AE 3.5 years) were right-handed, as assessed by the Edinburgh Handedness Inventory (Oldfield, 1971) . We studied only male volunteers based on evidence for sex differences in visuospatial and mentalizing tasks with respect to behavioral performance and hemispheric engagement (Parsons et al., 2004; Baron-Cohen et al., 2005) . The study was approved by the ethics committee of the University of Cologne.
Design, stimuli and task
The present study employed a 2 Â 2 factorial design with the factors Reference (first-person reference, 1P vs third-person reference, 3P) and Task (perspective taking, PERSP; mentalizing, MENT). Stimuli depicted a vis-à-vis positioned virtual character surrounded by two different objects of the same category (e.g. fruit: an apple and a banana; Figure 1 ). Object categories were randomly chosen. The two objects showed a subtle difference in position, with one object being slightly elevated compared with the other object. Virtual characters expressed preferences to one of the two objects. These preferences were indicated by systematically varied combinations of different facial expressions (positive, negative and neutral), gestures (positive, negative and no gesture) and head/body positions (turned towards or away from the object, neutral position; Supplementary Table S1 ). The salience of the character's preference depended on the congruence of these cues, which was not homogeneous throughout. Thus, ceiling effects and simple rule-based behavioral strategies were avoided (e.g. preferences could not be determined by paying attention to the Fig. 1 Experimental design and example stimuli. 2 Â 2 design with the factors Reference and Task. During the perspective taking (PERSP) task, the elevated object had to be indicated either from the subject's own (first person, 1P) or the character's perspective (third person, 3P). During the mentalizing (MENT) task, the subject had to indicate either his own (1P) or the character's (3P) preference for one of the objects. Two example stimuli are displayed. Instructions are given.
character's face alone). Virtual characters were created and used in a previous project (Bewernick et al., 2005, meeting abstract) , in which subjects performed certainty ratings on the virtual characters' preference. For the purpose of the present experiment, stimuli associated with high uncertainty for preference judgments were excluded (Supplementary Table S1 shows the present distribution of social cue combinations).
Subjects performed two different tasks from two different reference points. In a perspective taking task (PERSP), subjects indicated the elevated object from their own or firstperson perspective (1P-PERSP) or the same from the virtual character's perspective or third-person (3P-PERSP). During the 3P-PERSP condition, subjects were instructed to do a mental transformation of their own, egocentric perspective onto the virtual character's body axis (Vogeley and Fink, 2003) similar to the 'own-body mental transformation task' (as used by Blanke et al., 2005; Parsons, 1987; Zacks et al., 1999) and were debriefed about that after the study. The 3P-PERSP condition (i.e. a viewer rotation) is different from mental rotation (i.e. an object rotation; Langdon and Coltheart, 2001; Zacks et al., 2003) and no subjects reported to have performed such a mental rotation of the scene. In the mentalizing task (MENT), subjects indicated the object they preferred themselves (condition 1P-MENT) or the one the virtual character preferred (condition 3P-MENT) based on its gestures, facial and bodily expressions. Subjects were instructed to follow a global impression of the virtual character's preference (i.e. not only pay attention to the face or gesture). During 3P-MENT subjects indicated the object as seen from their own perspective in order to avoid a confound with 3P-PERSP. All conditions involved left-right judgments by pressing a button with the index/middle finger of the left or right hand on an magnetic resonance imaging (MRI)-compatible button box (Lumitouch, Lightwave Medical Industries, CST Coldswitch Technologies, Richmond, CA, US). During 3P-PERSP, subjects were instructed to answer as if they were looking through the eyes of the avatar; thus, if a target object was to the right side of the avatar, subjects had to press the right button. Hands were counterbalanced across sessions and subjects. The present operationalization had the advantage of testing mentalizing and perspective taking without changing visual input: stimuli were the same for all four conditions which differed only by their instructions (Figure 1 ). In other words, facial or bodily expressions of the avatars were identical during MENT and PERSP trials.
Stimuli were designed using the commercially available software Poser (Version 6, Curious Labs, Inc., Santa Cruz, CA, US), Photo Objects (Vol. 1, Hemera Technologies, Inc., Gatineau, Quebec, Canada) and Adobe Photoshop CS (Version 8.0.1, Adobe Systems, Inc., San Jose, CA, US). In total, there were nine different male virtual characters, each placed in front of a neutral white background. The use of virtual stimuli in social cognitive neuroscience or psychology has proven to be useful as virtual characters are perceived as social agents evoking similar responses or impressions in observers as human stimuli (Bente et al., 2001; Schilbach et al., 2006) . The side of the elevated object and the side of preference of the virtual character were counterbalanced as much as possible and systematically varied.
The experiment was conducted as a block design with four sessions ($8 min each), the order of which was randomized between subjects. The four experimental conditions were repeated twice per session (eight experimental blocks in total) and alternated with baseline blocks (cross-hair for 20 s). Each session contained 72 stimuli (nine per experimental block). Each stimulus was displayed for 4245 ms followed by a 200 ms inter-stimulus interval. Instructions were shown for 5 s at the beginning of each block. The experiment was programmed and presented on a light gray background using Presentation (Version 9.13, Neurobehavioral Systems, Albany, CA, US).
Analyses of behavioral data
Statistical analyzes were performed using the Statistical Package for the Social Sciences (SPSS for Windows; Version 12.0). Dependent variables were reaction times (RT) and accuracy (percentage of correct responses). Accuracy was not determined for 1P-MENT as subject's responses reflected subjective preferences in this condition. For 3P-MENT, accuracy for stimuli with relative ambiguity was estimated based on which reply the majority of subjects had given. Means and standard errors of the mean (s.e.m.) are reported. RT differences between conditions were analyzed using a two-way repeated-measures analysis of analysis of variance (ANOVA) with Reference (1P vs 3P) and Task (MENT vs PERSP) as within-subject factors. Differences in accuracy were tested for significance nonparametrically (Friedman test). The significance level for all analyses was set at P < 0.05 two-tailed.
Image acquisition
Functional and structural MRI was performed on a Siemens 3T MRI whole body scanner (SIEMENS Trio) using a standard head coil and a custom-built head holder to reduce head movement. Functional images were obtained using a single-shot gradient echo, echoplanar imaging (EPI) sequence (TR: 2500 ms, TE: 30 ms, 908 flip angle, FOV: 200 mm, matrix: 64 Â 64, voxel size: 3.1 Â 3.1 Â 3 mm). Each EPI volume contained 40 axial slices (distance factor: 10), acquired in ascending order, covering the whole brain. Each session contained 193 functional images. In addition, a high-resolution T 1 -weighted magnetization-prepared rapid gradient-echo imaging (MP-RAGE) 3D MRI sequence was acquired from each subject (TR: 2250 ms, TE: 3.93 ms, 98 flip angle, FOV: 256 mm, matrix: 256 Â 256, voxel size: 1 Â 1 Â 1 mm).
Mentalizing in posterior temporal sulcus SCAN (2008)
Image preprocessing and analyses Functional images were corrected for head movement between scans by an affine registration (Ashburner and Friston, 2003) using the Statistical Parametric Mapping software (SPM5; Wellcome Department of Imaging Neuroscience, London, UK) implemented in Matlab (Mathworks Inc., Sherborn, MA, USA). To allow localization of functional activation on the subjects' structural MRIs, T 1 -scans were coregistered to each subject's mean image of the realigned functional images. The mean functional image was subsequently normalized to the Montreal Neurological Institute (MNI) single-subject template (Evans et al., 1992; Collins et al., 1994) using linear proportions and a nonlinear sampling as derived from a segmentation algorithm (Ashburner and Friston, 2005) . Normalization parameters were then applied to the functional images and coregistered to the T 1 -image. Images were resampled at a 2 Â 2 Â 2 mm voxel size and spatially smoothed using a 8 mm full width half maximum Gaussian kernel. The data were analyzed using a general linear model (Kiebel and Holmes, 2003) . Each experimental condition was modeled using a boxcar reference vector convolved with a canonical hemodynamic response function and its first-order temporal derivative. Low-frequency signal drifts were filtered using a cutoff period of 128 s. Parameter estimates were subsequently calculated for each voxel using weighted least squares to provide maximum likelihood estimates based on the nonsphericity assumption of the data (Kiebel and Holmes, 2003) in order to get identical and independently distributed error terms. For each subject, main effects were computed by applying appropriate baseline contrasts (simple effects). These first-level individual contrasts were then fed into a second-level group analysis using an ANOVA (factor: condition, blocking factor subject), thus employing a randomeffects model (Penny and Holmes, 2003) . We were interested, first, in comparing mentalizing with a third person as opposed to first-person reference (3P-MENT vs 1P-MENT) and, second, perspective taking with a third person as opposed to a first-person reference (3P-PERSP vs 1P-PERSP) (Table 1 , for the reader's convenience, also contains the opposite contrasts 1P-MENT vs 3P-MENT and 1P-PERSP vs 1P-PERSP). Third, we aimed for the direct comparison of mentalizing and perspective taking especially with respect to a third-person reference (3P-MENT vs 3P-PERSP; Table 1 ). Common activations of third-person mentalizing and third-person perspective taking were identified via a conjunction analysis using the Global Null, a less conservative approach testing the combined null hypothesis for both contrasts of interest (3P-MENT vs 1P-MENT and 3P-PERSP vs 1P-PERSP; Table 2 ; Price and Friston, 1997; Friston et al., 2005) . To investigate the interaction between the factors Reference and Task (e.g. for the combination of the factor levels 3P and MENT), and to formally test differences in simple effects, the following interaction contrast was calculated: [(3P-MENT vs 1P-MENT) vs (3P-PERSP vs 1P-PERSP)]. Note that main effects were not of primary interest because they are collapsing across conditions of interest (Supplementary Table S1 ).
All activations were identified using a height threshold of P < 0.05, family-wise corrected (FWE), and an extent threshold of k ¼ 10 contiguous voxels. Resulting activation peaks were superimposed on a normalized high-resolution MP-RAGE image (averaged across subjects) and anatomically localized using an atlas of the human brain (Duvernoy, 1999) . For a priori expected activations, ROI analyses were carried out based on previously published coordinates. Such an analysis is restricted to a smaller number of voxels so that the number of multiple comparisons is reduced (Eickhoff et al., 2006) , increasing power to detect an effect compared with a whole-brain analysis (reducing potential Type II errors). For example, the hypothesis on posterior temporal activation during the interaction of Reference and Task (e.g. the difference between 3P and 1P is bigger for MENT than PERSP) was tested with a spherical ROI (10 mm radius; Figure 2A ), which was generated using Marsbar and centered around averaged, previously reported coordinates (Castelli et al., 2000; Gallagher et al., 2000; Saxe and Kanwisher, 2003; Gallagher and Frith, 2004: x, y, z ¼ 57 AE 4, À52 AE 4, 15 AE 5). Within this ROI, activation was tested for using the WFU Pick Atlas (Maldjian et al., 2003) as implemented in SPM5 ( Figure 2B and C). Furthermore, ROIs were used to extract each subject's parameter estimates from the peak activation obtained in the whole-brain analyses for each condition as compared to baseline. These parameter estimates were then averaged across subjects and means and s.e.m. plotted ( Figure 3B and D). In addition, individual parameter estimates were extracted within ROIs centered around previously published coordinates in the posterior temporal cortex associated with other social-cognitive tasks, averaged and plotted (Figure 4 ). If these coordinates were in Talairach and Tournoux (1988) space, they were transformed into MNI space using the algorithm tal2mni (Matthew Brett; http://imaging.mrc-cbu. cam.ac.uk/downloads/MNI2tal/tal2mni.m) implemented in Matlab.
RESULTS

Behavioral data
There was a significant interaction effect on RTs between the factors Reference and Figure 5 ). Subjects were significantly more accurate on 3P-PERSP (mean AE s.e.m.: 94 AE 2% correct) vs 3P-MENT (88 AE 2% correct; Wilcoxon Z ¼ À2.1, P < 0.05) and on 1P-PERSP (96 AE 1% correct) vs 3P-MENT (Z ¼ À3.0, P < 0.01). Nothing could be inferred about an interaction of Reference and Task on accuracy because subjects' replies during 1P-MENT reflected subjective judgments. In postexperimental debriefings, 11 subjects reported to have primarily used the virtual character's facial expression and hand gesture in order to judge the character's preferences, one subject preferably used gesture and another subject facial expression together with body orientation as primary cues for preference judgments.
Whole-brain analyses
Inferring the virtual character's preference compared to one's own preference (3P-MENT vs 1P-MENT) was associated with significantly (P < 0.05, FWE corrected) greater activation of the right middle frontal gyrus, right posterior STS region and the right middle temporal gyrus, bilateral supramarginal gyrus and right precuneus (Table 1; Figure 3A and B).
Taking a third person in contrast to a 1P-PERSP (3P-PERSP vs 1P-PERSP) recruited left middle/inferior frontal and right middle/superior frontal gyri, the left supramarginal gyrus and the cerebellum bilaterally (Table 1; Figure 3 ). In contrast to previous studies on perspective taking, this contrast did not reveal any activation in the TPJ or posterior STS.
The direct comparison of third-person mentalizing vs third-person perspective taking (3P-MENT vs 3P-PERSP) yielded a significant cluster in the right posterior STS (Table 1; Figure 3A and B).
The analysis of common activation patterns between mentalizing and perspective taking (3P-MENT vs 1P-MENT in conjunction with 3P-PERSP vs 1P-PERSP) revealed overlapping activation patterns in the inferior parietal lobule Mentalizing in posterior temporal sulcus SCAN (2008) bilaterally and in the right middle frontal gyrus (BA 6; Table 2 ). There was no significant activation associated with the interaction [(3P-MENT vs 1P-MENT) vs (3P-PERSP vs 1P-PERSP)].
ROI analyses
Two kinds of ROI analyses were performed: (i) expected activation, that is, during the interaction of Reference and Task, was tested for in a more restricted search volume comprising the posterior STS based on previously published coordinates, (ii) parameter estimates were extracted from presently and previously reported coordinates in order to show the strength of activation during each condition and to demonstrate the differential recruitment of the posterior temporal cortex during mentalizing vs perspective taking.
The first ROI analysis confirmed our hypothesis about an interaction Reference and Task, specifically a third-person reference and mentalizing, within the posterior STS (x ¼ 60, y ¼ À50, z ¼ 13; Z ¼ 3.79; FWE P < 0.05; 60 voxel; Figure 2 ).
Parameter estimates extracted at the afore-mentioned peak coordinates within the posterior temporal cortex for each of the four experimental conditions revealed that only 3P-MENT evoked a strong activation within the posterior STS, while the remaining three conditions were associated with activation levels under baseline ( Figure 3B and E), being also suggestive of an interaction effect. Indeed a repeated measures ANOVA on these parameter estimates yielded a significant interaction between Reference and Task for both peaks (F 1,12 ¼ 7.48, P < 0.05 for x, y, z ¼ 56, À32, 3; F 1,12 ¼ 15.4, P < 0.005 for x, y, z ¼ 64, À52, 1), driven by the 3P-MENT condition (pairwise comparisons of 3P-MENT against 1P-MENT, 3P-PERSP and 1P-PERSP: all t 12 > 3.6; all P < 0.001).
Plotting the effects of our task in previously published coordinates in the posterior temporal cortex (reported as 'posterior STS' or 'TPJ') associated with mentalizing (Saxe and Kanwisher, 2003;  Figure 4A ) or perspective taking (or own-body mental transformations, Blanke et al., 2005;  Figure 4B ), and related processes such as the recognition of expressive gestures (Gallagher and Frith, 2004 ; Figure 4C ), the observation of intentional human actions (Saxe et al., 2004b ; Figure 4D ), the perception of expressive Gallagher and Frith, 2004: x, y, z ¼ 52, À32, 8) and biological motion (pink; Bonda et al., 1996: x, y, z ¼ 56, À54, 8) . Coordinates are plotted on a rendered brain. Within these, we have plotted the effects of our conditions. Error bars reflect standard errors. In comparison, our own coordinates from Figure 3 are overlaid as black triangles. faces (Narumoto et al., 2000;  Figure 4E ) and of biological motion (Bonda et al., 1996;  Figure 4F ) also revealed the highest activation during 3P-MENT compared with all other conditions.
DISCUSSION
The two main objectives of the present experiment were to compare mentalizing and perspective taking in a single sample using identical stimulus material and to evaluate the role of the posterior temporal cortex for the two processes. We found distinct activation of the posterior segment of the STS during mentalizing but not perspective taking. More specifically, the right posterior STS was significantly activated when subjects made inferences about a virtual character's preference as indicated by its facial or bodily expressions.
The human posterior STS region has been described as the cortex within the STS as well as adjacent superior or middle temporal and angular gyri (e.g. Pelphrey et al., 2004a) . This definition goes beyond the posterior segment of the STS per se and blurs the anatomical border to the TPJ, which can be assumed to be located more dorsally. In fact, the posterior STS and TPJ are often referred to synonymously (Castelli et al., 2000; Aichhorn et al., 2006) despite reports on a functional differentiation (Saxe, 2006) . Here, we found the posterior segment of the sulcus itselfmore inferior to the TPJto be significantly activated during mentalizing, that is, when subjects inferred a virtual character's preference based on non-verbal social cues expressed by the character. Several authors have associated activity in the posterior STS with tasks as different as the detection of animate entities (Castelli et al., 2000; Blakemore et al., 2003; Schultz et al., 2004 Schultz et al., , 2005 , a non-verbal mentalizing task (Brunet et al., 2003) , perception of expressive faces (Narumoto et al., 2000) or expressive gestures (Gallagher and Frith, 2004) . Often tasks that activate the posterior STS, including our own, used stimuli that involved the perception of social cues and the interpretation of such cues for the understanding of other people's behavior and mental states. Recent data obtained from a patient with a lesion to the posterior STS confirmed the present key finding on differential STS activation for mentalizing and perspective taking: this patient was unable to infer the virtual character's preferences (i.e. during 3P-MENT) but performed well above chance on all other conditions (Cohen et al., in press ). Interestingly, intracranial recordings from the posterior STS surface in four other patients showed specifically enhanced neural oscillations in the gamma frequency range in association with the 3P-MENT conditionpossibly also underlying the present fMRI activation (Cohen et al., in press) .
Although perspective taking may also depend on the detection of visual social cues such as eye gaze or pointing gestures, it does not necessarily require the representation of other people's mental states such as beliefs, desires or preferences. Empirical evidence on visuospatial perspective taking is limited; yet, it was suggestive of a posterior STS/TPJ involvement during perspective transformation (Zacks et al., 1999; Vogeley et al., 2004; Blanke et al., 2005; Aichhorn et al., 2006; Arzy et al., 2006) . We could not replicate the finding of increased TPJ activation during perspective taking. However, we found other areas previously associated with perspective transformations, such as the middle frontal or premotor cortex, the cerebellum and inferior parietal lobule (Ruby and Decety, 2001; Vogeley and Fink, 2003; Vogeley et al., 2004; David et al., 2006) . As a potential caveat, subjectsagainst instructionsmay have performed 3P-PERSP by first computing 1P-PERSP and then inverting the response. RT patterns, however, do not favor this alternative hypothesis: inverting a response should have been easier resulting in RTs and accuracy closer to the 1P-PERSP, which was not the case. The validity of our task was further demonstrated by postexperimental debriefings, in which subjects indicated that they actively adopted the character's perspective. A closer inspection of studies that implicated the TPJ in perspective taking are less contradictive. For example, Aichhorn et al. (2006) reported posterior temporal activation for perspective taking but only after employing an ROI approach. Zacks et al. (1999) reported activity in 'areas near the posterior-temporal-occipital junction', predominantly in the left hemisphere and not necessarily comprising the TPJ. Blanke and coworkers (2005; Arzy et al., 2006) , however, showed quite solid electrophysiological evidence on the right TPJ's role for perspective transformations, although the authors rather propose a specific role in embodiment (not necessarily an aspect of our task). In one of our previous studies, we also reported activation extending to the posterior STS region at the TPJ for perspective taking; however, we used dynamic stimuli that depicted biological motion (David et al., 2006) . Further studies are needed to reconcile such discrepant findings.
Plotting the effects of our task in superior temporal coordinates, previously associated with other social-cognitive tasks, also revealed interesting observations with respect to a differential function of posterior superior temporal cortex for mentalizing and perspective taking (Figure 4) . First, similar functional profiles across the posterior STS region (including coordinates reported as 'TPJ' and 'STS') could be observed with highest activity for mentalizing (i.e. 3P-MENT). Second, activity in response to our manipulation in coordinates associated with biological motion or action observation was similar to activity in coordinates associated with the perception of expressive faces, gestures and mentalizing. Third, within almost all coordinates there was a relative increase of activity during perspective taking with a third person compared to a first-person reference (3P-PERSP vs 1P-PERSP). However, this difference in activity was small compared with the increase of activity associated with third-person mentalizing demonstrating the advantage of our design: an investigation of perspective taking alone would have revealed posterior temporal activation, however, not to the same degree as mentalizing.
It is noteworthy that a crucial contrast for showing a differential involvement of the posterior STS in thirdperson mentalizing vs perspective takingthe interaction effectdid not result in significant posterior STS activation at the whole-brain threshold (Schulte-Rüther et al., 2007) . Several other aspects of our data, however, point to a differential involvement. First, a ROI analysis confined to the posterior STS revealed a significant interaction effect. Second, parameter estimates extracted from the posterior STS also showed a significant interaction. Third, a conjunction analysis for third-person mentalizing vs perspective taking did not reveal common posterior STS activation and, thus, also supports a differential involvement of the posterior STS for either mentalizing or perspective taking. Finally, a patient with a lesion in the posterior STS showed a selective impairment for third-person mentalizing only (i.e. during 3P-MENT; Cohen et al., in press) .
It is a well-established finding that the posterior STS responds to the perception of expressive faces or biological motion (Allison et al., 2000) . Despite constant visual input for all conditions, attention may have been more oriented towards, for example, facial expressions of the avatar during the 3P-MENT condition. Did subjects infer the virtual characters' preference in a non-mentalizing way by simply attending to which object the avatar, for example, was pointing to? Did the mere processing of biological motion or bodily stimuli drove activation of the STS? Our task, however, more than the processing of bodily cues implied mental processes on the side of the avatar (e.g. a preference, decision making, etc.)as subjects were asked for by the instructions. The question remains to which degree mentalizing and the perception of socialcommunicative content conveyingstimuli could be dissociated. To this question, Frith and Frith (2006, p. 531) Cohen et al., 2001; Brunet et al., 2003; Gallagher and Frith, 2004; Völlm et al., 2006; Schulte-Rüther et al., 2007) . Baron-Cohen et al. (2001) in their 'Readingthe-mind-in-the-eyes' testused as a diagnostic tool for mentalizing deficitsshowed pictures of eyes expressing different states of mind. With respect to activation of the STS, there is evidence that it is especially driven by social cues that convey mental states or communicative intent instead of the mere presence of faces or bodies alone. For example, it has been suggested that the STS especially encodes the intentional aspect occurring in the typical biological motion stimuli (Pelphrey et al., 2004b; Saxe et al., 2004b) . In addition, the STS seems more active during the perception of expressive as opposed to instrumental gestures (Gallagher and Frith, 2004) and also responds to intentionally moving abstractnon-bodilystimuli (Schultze et al., 2004 (Schultze et al., , 2005 . Accordingly, we did not find increased activation during 3P-MENT in other areas known to be modulated by attention to facial or bodily stimuli such as the fusiform face area (Kanwisher et al., 1997) , extrastriate body area (Downing et al., 2001) or amygdala (Adolphs, 2003) .
The TPJ has been crucially implicated in mentalizing (or 'theory of mind'; Saxe and Wexler, 2005; Saxe et al., 2006) , especially in the understanding of another person's false belief, but no significant TPJ activation was revealed in the present mentalizing task. Our stimulus material, however, did not consist of the typically used false belief tasks or theory-of-mind stories (Vogeley et al., 2001; Saxe and Wexler, 2005; Saxe et al., 2006) and did not tap into the assessment of false-belief reasoning (as only one aspect of the human mentalizing ability). Furthermore, the presently performed comparisons were different from typically computed comparisons such as 'mentalizing vs no mentalizing'. Here, another important component of the mentalizing network, the MPFC, was also not activated. A possible explanation is provided by Saxe and colleagues (2006) who suggested that the MPFC is not only specifically engaged in mentalizing (Saxe and Wexler, 2005; Saxe et al., 2006) but also in self-reflection (Gusnard et al., 2001; Ochsner et al., 2004) . Previously, authors have discussed a self-referential account to mentalizingthat is, the strategy to estimate others' mental states by reflecting and using one's own thoughts, intentions or desiresespecially in association with recruitment of the MPFC (as nicely demonstrated by Jenkins et al., 2008) . Accordingly, one would not expect MPFC to be more activated for 3P-MENT vs, for example, 1P-MENT with both conditions involving self-reflection. Nonetheless, in accordance with previous evidence (Brunet et al., 2000; Gallagher et al. 2000; Völlm et al., 2006) we detected activation of the right precuneus and the middle frontal gyrus during mentalizing. Interestingly, these areas were not differentially activated for 3P-MENT in comparison to 3P-PERSP, and indeed partially also showed common activation in the conjunction analysis.
With respect to functional commonalities between mentalizing and perspective taking, both appear to rely on parietal and premotor cortices as indicated by the conjunction analysis. Does this commonly found activation reflect a mechanism within parietal and premotor areas underlying both processes? Interestingly, parietal as well as premotor cortices have been associated with the human mirror neuron system (Buccino et al., 2004; Keysers and Perrett, 2004) . Mirror neurons, as originally found in the macaque, have been proposed as neural substrates of simulation theory (Gallese and Goldman, 1998; Keysers and Perrett, 2004) . The underlying idea that we use our own experiences to simulate those of other people in order to understand or predict their behavior has indeed been suggested as one Mentalizing in posterior temporal sulcus SCAN (2008) mechanism relevant for social cognition, including mentalizing and perspective taking (Gallese and Goldman, 1998; Langdon and Coltheart, 2001; Keysers and Perrett, 2004; cf. Saxe, 2005 , who argues against simulation underlying mental state attributions). The posterior STS here, however, was selectively activated during mentalizing but not perspective taking. This finding is suggestive of a process within the STS that goes beyond simulation or other processes also involved in perspective taking. Such an additional process in support of mentalizing may be the analysis of higher complex, representational and socially relevant signals such as facial or bodily cues that convey a communicative intent or information on another person's mental states.
SUPPLEMENTARY DATA Supplementary data are available at SCAN online.
